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Ionic  Liquids 


OJD 

2 

fc* 

<L> 

> 

u 

o 

o 

00 

II 


a 

£ 


a 

+ 

03 

£ 

2 


a> 

3 

03 

H 


U 

o 

ITi 

ITi 

a 

£ 


0 

& 


'u 

S3 

03 


I 


u 

t, 

h-l 


•pN 

w 


e 

a 

> 


v 

u. 


C® 


Kv 


Not  commercially  viable 

Corrosion  and  energy  issues 

Giant  lattice  of  miniature  magnets  stuck  together 


What  are  Ionic  Liquids? 
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specific  class  of  (1). 


Ionic  Liquids 


-  acidic 

-very  hygroscropic 


Ionic  Liquids 


Bisoxyamines  are  stable  as  neutrals  but  protonated  versions  are  not  (extremely  friction  and 
impact  sensitive!)  Direct  contrast  with  simple  mono  oxyamines. 


Ionic  Liquids 


Single  crystal  x-ray  structure  of  ethylene  bisoxyamine  monoperchlorate.  Material 
has  unusual  amount  of  hydrogen  bonding  present  (  p  =  1.83  g/cm3!!!),  but  that 
doesn’t  explain  its  extreme  sensitivity  to  impact  and  friction. 
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Bottaro,  J.  L.  ;  Penwell,  P.  E.  ;  Schmitt,  R.  J.  Synth.  Commun. ,  1991, 27,  945. 

McKay,  A.  F.  ;  Ott,  W.  L.  ;  Taylor,  G.  W.  ;  Buchanan,  M.  N. ;  Crooker,  J.  F.  Can.  J.  Chem.  1951, 28,  683. ;  Harris,  S.  J.  Amer. 
Chem.  Soc.  1958,  SO,  2302. 
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a(02-N1-N2)  =121.5(121.6) 
a(N1-N2-C1)  =113.7(111.3) 
a(N2-C1-N3)  =171.0(171.2) 
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Methoxvammonium  nitrocvanamide 


The  syntheses  of  several  nitrocyanamide  salts  were  accomplished  through  the  metathesis 
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and  [HO-CH2CH2-NH3+]  salts  were  made,  but  were  not  stable  at  ambient  temperatures! 
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X  =  NO,  ,  C104  ,  N(NOj)2 

Drake,  G.W. ;  Hawkins,  T. ;  Brand,  A.  ;  McKay,  M.  ;  Ismail,  I. ;  Hall,  L.  ;Vij,  A.  Prop.  Explos.  Pyrotech.  2003,  72,  1. 


Ionic  Liquids 


X-ray  single  crystal  diffraction  study  of  1,2,4-triazolium  perchlorate  p  =  1.96  g/cm3 
It  is  felt  that  this  is  probably  the  top  of  the  hill  density  wise  for  simple  heterocycle  salts. 

Drake,  G.W. ;  Hawkins,  T. ;  Brand,  A. ;  McKay,  M. ;  Ismail,  I. ;  Hall,  L.  ;Vij,  A.  Prop.  Explos.  Pyrotech.  2003, 12, 1. 
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T  etraalkylammonium  T  etraalkvlphosphonium 
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Wilkes,  J.  S.  Green  Chemistry  2002,  4,  3. 


Ionic  Liquids 
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Ionic  Liquids 


Wasserscheid,  P.;  Keim,  W.  Angew.  Chem.  Int.  Ed.  Engl.  2000,  39,  3772.  Wasserscheid,  P,  Welton,  T.  (eds.)  Ionic  Liquids  in  Synthesis  Wiley-VCH,  FRG,  2003 
.Seddon,  K.R. ;  Holbrey,  J.  D.  Clean  Products  and  Processes  1999,  1,  223.  Rogers,  R.;  Seddon,  K.  (eds.)  Ionic  Liquids  A.C.S.  Symp.  Ser.  818  2002  A.C.S  Publ.  Co. 
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-densities  decrease  as  expected 

-viscosity  increases  dramatically  with  increasing  alkyl  length 
-conductivity  decreases  with  cation  size  (mobility  issue) 

Sun,  J.  ;  Forsyth,  M. ;  MacFarlane,  D.  R.  J.  Phvs.  Chem.  B  1998, 102,  8858. 


Most  ionic  liquids  are  based  upon  imidazolium  rings  and  “heavy”  or  “dead 
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These  new  ionic  liquids  have  similar  shapes  and  physical  properties, 
BUT  higher  AH^  higher  densities,  and  better  oxygen  balances. 
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Scriven;  Keay;  Goe;  Astleford  J.  Org.  Chem.  1989,  54,  731. 


l-methvlcvclopropvl-4-amino-  l-(2-amirioethy0-4-amino-- 

1,2,4-triazolium  cation  ^  lf2r4-triazolium  dication 


1-r  2-propenvlV4-amino 
1,2,4-triazolium  cation 
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1H(left)  and  13C  nmr  spectra  of  l-butyl-4-amino-l,2,4-triazoIium  bromide. 


Ionic  Liquids 


Single  crystal  x-ray  diffraction  study  of  l-n-propyl-4-amino-l,2,4-triazolium  bromide 

showing  significant  hydrogen  bond  contacts. 
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Ionic  Liquids 


Hydrogen  bond  contacts  in  l-heptyI-4-amino-l,2,4-triazolhim  bromide 


ecyl-3-methylimidazolium  hexafluorophosphate*  l-hexyl-4-amino-l, 2, 4-triazoliiim  bromide 

♦Gordon,  C.  M.;  Holbrey,  J.  D.;  Kennedy,  A.  R.;  Seddon,  K.  R.  J.  Mater.  Chem.  1998, 8, 2627.  “Drake,  G.  W.;  Hawkins,  T.  W.;  Tollison,  K.;  Hall,  L.;  Vij,  A.  2003  manuscript  in  progress. 


But  halides  are  only  the  start. . . 
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This  route  led  to  the  best  materials  as  the  silver  bromide  was  easily  removed. 


l-substituted-4-ammo-l,2,4-triazolium  nitrate  salts  are  more  stable 
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Physical  properties  of  l-substituted-4-ammo-l,2,4-triazolium  salts  included  much  higher  viscosities, 
higher  densities,  and  much  more  polar  behavior  than  that  of  imidazolium  ionic  liquids. 
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